ABSTRACT
I
ntracranial aneurysms (IAs) are found in approximately 3% of the general population, 1 and IA rupture with subarachnoid hemorrhage is a life-threatening event with substantial morbidity and mortality. 2, 3 With the advancement of the imaging modalities, early diagnosis of IA is relevant, especially in at-risk patients with selected conditions associated with an increased occurrence of IAs. 4 IAs and aortic diseases are different disease entities but have a similar pathophysiologic mechanism, which may be caused by excessive hemodynamic stress to the vessel wall or genetic factors for vascular fragility. The guidelines for unruptured IAs 4 have suggested that there is an increased the risk of aneurysm formation in some aortic pathologies such as bicuspid aortic valve and coarctation of the aorta. Recently, some authors [5] [6] [7] have published the link between IA and aortic aneurysm, which showed an IA incidence of 9%-11% in patients with aortic aneurysms. However, there are a limited number of genetic or experimental studies [8] [9] [10] and case reports [11] [12] [13] for the association between IA and aortic dissection (AD). Therefore, we aimed to demonstrate the prevalence of IA in patients with AD and investigate independent risk factors for the presence of IA in these patients.
MATERIALS AND METHODS

Patients
After approval of the institutional review board (Gangnam Severance Hospital) for this retrospective study, informed consent was waived. Patients with AD were recruited from the medical data base of this tertiary hospital between January 2009 and June 2016. Inclusion criteria for the AD group were as follows: 1) patients with a confirmed AD as the indication for the CT angiography of the aorta; and 2) patients with AD who had undergone additional brain imaging such as brain CTA or MR angiography for the evaluation of any neurologic symptoms and follow-up of known IAs. Exclusion criteria were patients with traumatic AD and known connective tissue diseases such as Marfan, EhlersDanlos, and Loeys-Dietz syndromes.
Among healthy individuals at the Health Promotion Center of our tertiary hospital between January 2011 and December 2012, those who paid for their brain imaging at their own expense were consecutively enrolled as a control group. This Health Promotion Center was not advertised, and each examinee voluntarily decided to visit and choose brain imaging for his or her health examination.
We obtained demographic data of all patients from medical records: age, sex, and comorbidities (hypertension, diabetes, hyperlipidemia, and smoking); history of cerebrovascular disease, including intracerebral hemorrhage or cerebral infarction; and arch vessel involvement. Arch vessel involvement was defined as extension of the AD into any cervicobrachial vessels, such as the right brachiocephalic artery, left common carotid artery, or left subclavian artery.
Image Acquisition
Brain CTA was performed with a 128-channel multidetector CT scanner (Somatom Definition ASϩ; Siemens, Erlangen, Germany) with iopromide (Ultravist 370 mg iodine/mL; Schering Korea, Seoul, Korea). The imaging parameters were as follows: an exposure setting of 120 kV and 140 mA with automatic tube current modulation (CARE Dose4D; Siemens), a collimation of 64 ϫ 0.6 mm, a section acquisition of 128 ϫ 0.6 mm, and a pitch of 0.45. The imaging volume ranged from the vertex of the skull to the posterior arch of the C1 vertebra.
Brain MRA was performed with a 3T scanner (Discovery MR750; GE Healthcare, Milwaukee, Wisconsin). 3D time-offlight MRA protocol parameters were as follows: TR/TE, 23/2.5 ms; flip angle, 20°; FOV, 210 ϫ 185 mm; 4 slabs (176 sections); section thickness, 1.4 mm; matrix, 416 ϫ 224; and acquisition time, 5 minutes 9 seconds.
All axial source data of CTA and MRA were reconstructed for the maximum intensity projections (axial, sagittal, and coronal) and volume-rendered images of the cerebral arteries.
Image Analysis
Two experienced neuroradiologists (S.H.S., S.J.A.) reviewed the axial brain images independently on the PACS, together with all reconstructed images of the brain vessels. The presence of IAs was determined in a consensus reading, and any clinical information or knowledge about this study was not provided to the readers.
IA was defined as an abnormal focal outpouching of the cerebral artery on brain CTA or MRA.
14 Aneurysm size was measured by the largest diagonal diameter. Aneurysm locations were classified as the internal carotid artery, anterior cerebral artery including the anterior communicating artery, middle cerebral artery, and vertebrobasilar artery; and the morphology of the aneurysm was categorized as saccular or fusiform.
Statistical Analysis
Differences between the AD group and controls were evaluated with a 2 or Fisher exact test for all categoric variables and an independent 2-sample t test for all continuous variables. Simple logistic regression analysis was performed to determine independent risk factors for the presence of IA in the AD group. Multiple logistic regression analysis was performed on variables with an unadjusted effect and P Ͻ .05 on simple logistic regression analysis. P Ͻ .05 was considered statistically significant. All statistical analyses were performed with SAS, Version 9.2 (SAS Institute, Cary, North Carolina). Propensity score matching was performed to minimize the intergroup difference in baseline characteristics. The propensity score was developed with multiple logistic regression with respect to age, sex, hypertension, diabetes mellitus, hyperlipidemia, smoking, and a history of cerebrovascular disease. Using the propensity score of each patient, we matched a selected case with controls by a 1:2 matching. The nearest-neighbor-matching algorithm with a "greedy method" was used to match patients. After patient matching, we performed the paired t and McNemar tests. Balance between both groups for each variable was evaluated by propensity score distributions, and absolute standardized differences before and after matching were calculated. After patient matching, absolute standardized differences of Ͻ0.10 implied good balance between both groups.
RESULTS
Baseline Characteristics
A total of 505 patients with confirmed AD were collected between January 2009 and June 2016 (Fig 1) . Patients without brain imaging (n ϭ 425), patients with traumatic aortic dissection (n ϭ 6), and those with Marfan disease (n ϭ 3) were excluded from this study. Of these patients, 71 with brain imaging were enrolled as the AD group. Brain CTA was performed in 27 patients (38%), and brain MRA, in 44 (62%). Among 71 patients, 45 (63.38%) underwent brain imaging for the evaluation of nonspecific neurologic symptoms; 23 (32.39%), for the evaluation of headache; and 3 (4.23%), for the follow-up imaging of surgically clipped IA.
Of potential controls with a health examination, 2118 with brain MRA were enrolled as the controls.
As shown in Table 1 , the mean age of the AD group was significantly higher than that of controls (58.6 Ϯ 13.6 years versus 53.9 Ϯ 9.6 years, respectively; P ϭ .004). Hypertension (60.6% in AD versus 29.4% in controls, P Ͻ .0001) and cerebrovascular disease history (21.1% in AD versus 0.94% in controls, P Ͻ .0001) were significantly associated with the AD group. After a 1:2 matching, there was no significant difference between both groups regarding age, sex, comorbidities, or cerebrovascular disease history.
Among 71 patients with AD, 46 were included in the Stanford type A group (64.8%) and 25 were type B (35.2%). Among 14 patients with AD and IA, 9 were included in the Stanford type A group (64.2%) and 5 were type B (35.8%). In the AD group, arch vessel involvement was found in 14: 6 of 14 patients with IA (42.8%) and 8 of 57 patients without IA (14%).
Prevalence and Characteristics of IA
IAs were found in 14 of 71 patients with AD (19.72%) versus 79 of 2118 controls (3.73%), which was significantly different (P Ͻ .0001). After propensity score matching, there were IAs in 7 of 54 patients with AD (12.96%) versus 2 of 108 controls (1.85%), which also showed a significant difference (P ϭ .022).
In Table 2 , multiple IAs were noted in 11 of 79 controls and not in the AD group. Of these 11 controls, 2 IAs were found in eight; 3 IAs, in 1; and 4 IAs, in 2. All IAs were saccular except 1 fusiform IA in a control. The mean diameter of IAs was significantly larger in the AD group (5.79 Ϯ 3.26 mm in AD versus 3.04 Ϯ 1.57 mm in controls, P ϭ .008), and IAs of Ͼ7 mm were also more common in the AD group (28.6% in AD versus 5.3% in controls, P ϭ .003). In the AD group, IAs were frequently situated in the MCA (35.7% in AD versus 8.4% in controls, P ϭ .012) or vertebrobasilar artery (21.4% in AD versus 2.1% in controls, P ϭ .015), while ICA aneurysms were more common in the controls (77.9% in controls versus 28.5% in AD, P Ͻ .001).
Independent Risk Factors for the Presence of IA in the AD Group
Univariate analysis showed that arch vessel involvement (OR, 4.594; 95% CI, 1.257-16.78; P ϭ .021) was significantly correlated with the presence of IAs. On multivariate analysis, arch vessel involvement (OR, 6.246; 95% CI, 1.472-26.50; P ϭ .013) was also significantly associated with the presence of IAs (Table 3) .
Relationship between Arch Vessel Involvement and IAs
Five of 6 patients and AD and arch vessel involvement showed right brachiocephalic artery involvement, and in 4 of these 5 patients, an IA was detected in the ipsilateral ICA, MCA, or VA (Table 4) . 
DISCUSSION
This study showed a much higher prevalence of IAs in patients with AD than in the control group or general population. 1 In the AD group, IAs of Ͼ7 mm in diameter were frequently found, and IAs were located predominantly within the MCA or vertebrobasilar artery. An independent risk factor for the presence of IAs in patients with AD was arch vessel involvement.
After propensity score matching, IA prevalence was estimated at 12.96%, which was 7 times higher than that in the controls and was comparable with that in patients with various aortic diseases. 5, 6, 15, 16 Compared with the general population, 1 IA prevalence in this study was much higher by 4-fold. Curtis et al 15 described a 10.3% prevalence in patients with coarctation of the aorta, and Schievink et al 16 evaluated 9.8% in the bicuspid aortic valve. Some authors 5, 6 reported Ͼ11% of IA concurrence in patients with aortic aneurysm. To our knowledge, this is the first retrospective study to determine IA prevalence in patients with AD.
Although the reason for the high IA prevalence in patients with AD is unclear, recent studies proposed several potential explanations for the association between IAs and AD. Regalado et al 10 suggested the possibility of a genetic link between IA and thoracic aortic aneurysm and dissection in a cohort of 514 families, in which 29 IAs were found. They found an autosomal dominant inheritance between IA and thoracic aortic aneurysm and dissection. In addition, hypertension was a major risk factor of AD and IA. 4, 17 Fukuda et al 8 demonstrated that both IA and AD were caused by chronic inflammation of the arterial wall in hypertensive rats treated with the prostaglandin receptor antagonist.
In this study, IAs of Ͼ7 mm were frequently found in the AD group, and they were located predominantly in the MCA or vertebrobasilar artery. Several large-cohort studies 14 ,18 demonstrated size (Ͼ7 mm) and location (posterior cerebral distribution) of the aneurysm as independent predictors of IA rupture. In a pooled analysis of 6 prospective cohort studies, 19 predictors of aneurysm rupture were also aneurysm size (Ͼ7 mm), location including the vertebrobasilar artery, and ethnic difference. Although the treatment of unruptured IAs is still controversial, clinicians should consider the likelihood of IA rupture during an aortic operation for such patients because cerebral perfusion pressure may increase temporarily by clamping or balloon occlusion of the aorta. 15 Our study showed that arch vessel involvement was an independent risk factor for the presence of IA in patients with AD. While its significance is ambiguous, experimental studies 20 have
shown that vascular fragility may result from abnormal development of neural crest-derived cells, which comprise the tunica media of the aortic arch and its branches; and the neural crest defect has been implicated previously in the association of aortocephalic arterial dissections and congenital bicuspid aortic valves. Inamasu et al 11 recently reported a rare case of concurrent IA rupture and acute AD of Stanford type A, in which the right brachiocephalic trunk was involved. Moreover, our study showed right brachiocephalic artery involvement of AD in 5 patients, and IAs were detected along the ipsilateral ICA, MCA, or VA in 4 of 5, which may be induced by altered hemodynamics in the cranial vessels from the involvement of great vessel origins. Therefore, selective screening for brain vessels should be weighed carefully in these patients with arch vessel involvement. There are several limitations in our study. First, only a small number of patients with brain imaging were retrospectively enrolled, which may be a selection bias; and the possibility of overestimation or underestimation of IA incidence cannot be excluded. Second, the diagnosis of IA was based on brain MRA or CTA, which may make it difficult to diagnose small IAs of Ͻ3 mm and to differentiate small aneurysms from junctional dilations. 21, 22 Third, ethnic differences for these 2 diseases should be considered for generalization. In addition, no pedigree or genetic study was available in our retrospective study. Finally, we could not exclude the possibility that the healthy controls might have an asymptomatic aortic pathology. For validation of the link between IA and AD, a further prospective, large-cohort study is needed.
CONCLUSIONS
In our study, patients with AD have a high prevalence of IAs, and selective screening for brain vessels could be considered prudent in case of arch vessel involvement. A further prospective, large-scale cohort study is needed to demonstrate a substantial prevalence of IAs.
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